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:le comprising a. tube haying a circumference wherein the 
aorence of said tube' increases in ) 



response to the 



We Claim: 
1 . An art\cl 
circumfe 

application of internal pressure up to a second circumference, 
thereafterVhe circumference remaining substantially unchanged 
with further ^increasing internal pressure. 

■ftrer-tofre ot claim l compri sin^rorous po lytetrar I uofwttry+ene^- 



■ The tube of claim ? h a ving a w a ll th 4€toes-s— ^-es s than u > e qtt-a4— Uu, 
ahnut n ?t> mm, 

The t^be of claim 3 having a wall thickness less than or equal to 
about V). 10 mm. 

tube of claim 2. wherein said porous polytetraf 1 uoroethyl ene 
des interconnected by fibriis 
Tfte tube of claim 5 in which sTi7Tlib~e^-eeflHij^es a porous 
povytetrafl uoroethyl ene tube, said tube being coveT^Sth-by^one or 
mone heJH ical lasers of porous polytetraf 1 uoroethyl ene material 
Theltube of claim 6 in which said porous polytetraf 1 uoroethyl ene 
matar_i.a_1_. i s in the form of a tube . 

The Vube of claim 6 in which said porous polytetraf 1 uoroethyl ene 
mateAial is in the form of a fi lm. 
The t\ 
materi 



3l 



of claim 6 in which said porous polytetraf 1 uoroethyl ene 
is thermally bonded , to the porous 
polytetYafluoroethylene tube. 

The tub& of claim 6 in which the tube exhibits minimal recoil 
following removal of a circumferentially distending force. 
The tube \>f claim 10 exhibiting minimal recoil of 14 percent or 
less. 

The tube o^ claim 11 exhibiting minimal recoil of 10 percent or 
less. 

The tube of\claim 12. exhibiting minimal recoil of 7 percent or 
less. ' \K ^r^- 



The tube of claim 6 '■e CTTprrs-frtg r a vascuj a r^graft . 

The tube of cl aim 14' having a wall thickness less than or equal 
to about 0.25 mm. 

The tube of dlaim 15 having a wall thickness less than or equal 
to about 0. 101 mm. 
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Thfe tube of claim 14 having first and second opposing ends 
^^wheVein the jsecond circumferen ce at the first opposing end is 
^larger than t he s_e cond circumference at the second opposing end 
wherfeby the tube is tapered between the first and second opposing 
ends! 

18. The tiube of claim 14 wherein the tube is br anched and has at 
leasJ three ends. ^^^^aS ~~ ^M^^ 
The tube of claim 14^c ompHsing - an intraluminal graft . 
20. The tlbe of claim 19 wherein the intraluminal graft is secured to 
10 a bloop conduit by sutures. 

The tube of claim 19 wherein the intraluminal graft is secured to 
a bloooi conduit by a stent. 

The tub£ of claim 19 wherein the circumference is increased by 
i nf 1 at i rig a balloon. 

The tubelof claim 19 wherein the circumference is increased by 
bl^Pj^essure^ cj^ta^^*^ 
The tube pf claim 1 - eei ^jjJ^^r V wi€ U A^ r 9 raft * 
The tube §f claim 24 composing an intraluminal^graft . 

A. 

The tube dif claim 1 wherein the tube exhibits minimal recoil 
20 following k substantial reduction in pressure. 

^>r=^27. The tube on claim 1 wherein the tube comprises an interior liner 
within a tubular form selected from the group consisting of 
^ubes>, pipes and blood conduits. 
— ^>ZB. The tube of claim 27 wherein the blood conduits are prosthetic 
25 vascular grants. 

29. The tube of c\aim 27 wherein the blood conduits are living blood 
vessel s. 

30. The tube of cla\im 27 wherein the interior liner covers an 
anastomosi s . 

^3?) The tube of claib 1 having first and second opposing ends wherein 
r\y the second circumference at the first opposing end is larger than 

O the second circumference at the second opposing end whereby the 
tube is tapered between the first and second opposing ends. 

1 wherein the tube is branched and has three 
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i tube havi 



ng a first circumference at a 



10 



An article comprising a 

\ / ^ 
first internal pressure of atmospheric pressure, a second 

circumference at a second internal pressure greater than 

atmospheric pressure, said second circumference being greater 

than the fi rstod rcumference, wherein upon applying an .internal . 

pressure greater tKan the second internal pressure, the^tube r ' 

\ l still substantially h^s the second circumference. 

— T h e a r t i c le of claim 33 whpr^m said tube' iui n p r is es— porous 

__^pxtl¥- totraf 1 uoro c thyl o ne 
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TtTe article of claim 34 wherein said tube comprises a vascuTa~r~ 

A tube haviVj a longitudinal axis, said tube comprising first and 
second helicaYly wound layers of tape, said tube having a first 
circumference a± a first time and a second circumference at a 
second time subsequent to the first time, said second 
circumference beirta greater than said first circumference, 
wherein the first and second helically wound layers of tape are 
oriented at different\angles respectively with regard to the 
longitudinal axis of tfte tube when said tube has the first 
circumference, and where\n the angle of the first helically wound 
layer of tape with respect to the longitudinal axis changes when 
the tube changes from the first circumference to the second 
circumference. 

A tube according to claim 36 whewein thje^n^e of the second 



helically wound layer of tape wi 
axis changes when the tube has t^i 
A tube according to claim 37 whe 
results from the application of 
tube. 

A tube according to claim 36 where 
results from the application of 
tube. 

A tube according to claim 36 compr 
pol ytetraf 1 uoroethyl ene . a ^\e\, 
A tube according to claim 36 /t eempr 




ngitudinal 
nee. 
rcumference 
within the 

rcumference 
within the 



graft. 
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An article comprising a>tube having a circumference wherein the 
n a .tube inc 



circumference of sa 
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appl ic 
^tube 



...creases in response to the 
.of a circumferential ly distending force, wherein the 
recoil of 14 percent or less following removal of 
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the circumfereHtially distending force. 

A tube according to claim 42 wherein the recoil is 10 percent or 
liss. 

Avtube according to claim 43 wherein the recoil is 7 percent or 

le t s * * ad^fktk &>r use is 

A tube ^according to claim 42 wherein the tube ^ompr-i sos a 

vascul a*V-<Jraft . 

A tube according to claim 45 wherein the vascular graft is 

comprised of porous polytetrafluoroethylene. 

A\tube according to claim 46 wherein the application of the 

c Arc umferenti ally distending force is the result of inflation of 

a balloon catheter. 

A iube according to claim 46 wherein the application of the 
circumferentially distending force is from the application of 
blo&d pressure. 

A tube according to claim 46 wherein the vascular graft has a 
wall\thickness less than about 0.25 mm. , 
A tube according to claim 46 wherein the vascular graft/is 
secured by the use of sutures. / 
A tube\ according to claim 46 wherein the vascular graft/is 
secureol by a stent . 

A tube according to claim 46 wherein the circumference of said 
vascul ar\ graft increases in response to the application of 
internal ^pressure up to a second circumference, thereafter the 
circumference remaining substantially unchanged with increasing 
internal pressure. 

A tube according to claim 52 wherein the application of internal 

pressure is\the result of inflation of a balloon catheter. 

A tube according to claim 52 wherein the application of internal 

pressure islfrom the application of blood pressure. 

A tube according to claim 52 wherein the vascular graft has a 

wall thickness less than about 0.25 mm. 
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56. A tube according to cl aim 5P wherein the vascular graft is 
secured by the use of at least one suture. 

57. A tube according to claim 52 wherein the vascular graft is 

^ secured by a stent. £>r- uScl <fcr 

(V^ 5 >Q 58. A tube according to claim 45 wherein the vascular graft^c- omp ri ses - 
an intraluminal graft. 

59. A tube according to claim 58 wherein the application of internal 
pressure is the result of inflation of a balloon catheter. 

60. A tube according to claim 58 wherein the application of internal 
10 pressure is from the application of blood pressure. 

61. A tube according to claim 58 wherein the intraluminal graft has a 
wall thickness less than about 0.25 mm. 

62. A tube according to claim 58 wherein the intraluminal graft is 
secured by the use of at least one suture. 

15 63. A tube according to claim 58 wherein the intraluminal graft is 
secured by a stent. 

64. A tube according to clainr58 wherein the circumference of said 
intraluminal graft increases in response to the application of 
internal pressure up to a second circumference, thereafter the 

20 circumference remaining substantially unchanged with increasing 

internal pressure. 

65. A tube according to claim 64 wherein the application of internal 
pressure is the result of inflation of a balloon catheter. 

66. A tube according to claim 64 Wherein the application of internal 
25 pressure is from the application of blood pressure. 

67. A tube according to claim 64 wherein the vascular graft has a 
wall thickness less than about 0.25 mm. 

68. A tube according to claim 64 wherein the vascular graft is 
secured by the use of at least one suture. 

30 69. A tube according to claim 64 wherein the- vascular graft is 
secured by a stent. 
-T(h — A lube avo idi n g l o el a imTj^ wherein tho tube is co fftpH-sed--o£- 

^p orous p o ly t etr a fl uor oeAri^gfte-: 

ftz — A~tTrbe--aeeojcdjjag_to^ 70 wherein the tube has a wall 

thickness less than about 0.< 
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tjjbe according to claim 70 wherein the circumference of the 
tube inc^elrse&-jnresponse to the application of internal 
pressure up to a secon^TTHPCUJiiference, thereafter the 
circumference remaining substantialTy~lj?Tch^ag^d_with increasing 
internal pressure. 

73. A tifbe according to claim 72 wherein the tube has a wall 
thickness less than about 0.25 mm. ^^^ f use as 

74. A tube according to claim 43 wherein the tube ^compri ses an 
intraluminal graft. 

75. A tuba according to claim 74 wherein the intraluminal graft has a 
wall tnickness less than about 0.25 mm. 

76. A tubelaccording to claim 74 wherein the circumference of said 
intraluminal graft increases in response to the application of 
internal pressure up to a second circumference, thereafter the 
circumf Arence remaining substantially unchanged with increasing 
internal! pressure. 

77. A tube according to claim 76 wherein the vascular graft has a 
wall thickness less than about 0.25 mm. 

4%-. — A tubo according l u ilerO T p4^ wherein the vascula r gr aft is - 
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^nmpti i& nfi of porous pn^rF e t r a f 1 u or oethvl o n e-. 

tube according to claim 78 wherein the vascular graft has a 
wal l^KTcicne^sless than about 0.25 mm. 

80. A \ube accordina/lTd^e4-a4m 78 wherein the circumference of said 
vascular graft increases in^e^pojise to the application of 
internal pressure up to a second circmSfereiice, thereafter the 
circumference remaining substantially unchangedvftt^v4ncreasi ng 
intennal pressure. 

81. A tube according to claim 80 wherein the vascular graft has a 
wall thickness less than about 0.25 mm. <su/*vf fe£ f or \±$e 

82. A tubelaccording to claim 44 wherein the tube ^compri scs an 
intraluminal graft. 

83. A tube kccording to claim 82 wherein the intraluminal graft has a 
wall thickness less than about 0.25 mm. 
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84. A tube according to claim 82 wherein the circumference of said 
intraluminal graft increases in response to the application of 
internal pressure up to a second circumference, thereafter the 
circumference remaining substantially unchanged with increasing 
internal pressure. 

85. A tube according to claim 82 wherein the vascular graft has a 
wall thilckness less than about 0.25 mm. 

86. An article comprising a tube having a circumference wherein the 
circumference of said tube increases in response to the initial 
application of blood pressure. c ^«^"fe^£<f^ e *^ 
A tube according to claim 86 wherein said tube ^compri sos a 
vascular grWt. aJ^fUX(^- u ^ e 
A tube according to claim 87 wherein the vascular graft^c oropri s e s 
an intraluminal graft. 

be according to claim 88 wherein the vascular graft is 
compri sedlTf~pomrs--p04^ ene . 

90. A\tube according to cl ^x^J^-^^^^^--^^^ ^ s comprised of 
portous polytetrafl uoroethylene. 

91. A tube according to claim 86 wherein the tube exhibits minimal 
recoVil following removal of blood pressure. 

92. A tube according to claim 91 wherein the minimal recoil is 14 
percent or less. 

93. A tuba according to claim 92 wherein the minimal recoil is 10 
percent or less. 

94. A tube accordi ng to claim 93 wherein the minimal recoil is 7 
percenter less. <u/«ffei ^ 

95. A tube according to claim 91 wherein the tube ^compri scg a 
vascular\ graft. ac^V^ u ** 

96. A tube according to claim 95 wherein the vascular graft^ compri s e s - 
an intraluminal graft. 

97. A tube according to claim 91 wherein the tube comprises porous 
pol y tetraf \ uoroethyl ene . 
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98. A method o^making a tube having a longitudinal axis and having a 
second circumference said method comprising: 

a) obtaining\a first tube of porous polytetraf 1 uoroethyl ene 
having an fnside diameter and an exterior surface, and 

5 fitting saidyirst tube over a first mandrel having an 

outside diamerer corresponding to the inside diameter of the 
first tube; 

b) fitting a seconoNtube of porous polytetraf 1 uoroethylene 
coaxially over saNd first tube, said second tube having an 

10 inside diameter larger than the outside diameter of the 

first tube and said\second tube comprising helically wrapped 
porous polytetraf 1 uorcoethyl ene film; 

c) applying tension to tne second tube parallel to the 
longitudinal axis of the tube whereby the inside diameter of 

15 the second tube is reduced causing the inside diameter of 

the second tube to confirm to the exterior surface of the 
first tube; 

d) longitudinally restraining the first and second tubes to the 
first mandrel to prevent longitudinal shrinkage, heating the 

20 first and second tubes adequately to cause the first and 

second tubes to become bonqe^r together; 

e) removing the bonded first/arid second] tubes from the first 
mandrel and fitting them over a second mandrel having an 
outside diameter larger tharn the oyxside diameter of the 

25 first mandrel, whersrin the outsid/ d4-aniete N r of the second 

mandrel substantially corresploncfcr to the sejcond 
circumference; 

f) removing the bonded" first and \second tube^ from the second 
mandrel ; and 

30 g) applying tension to the bonded \firs-t: and second tubes 

causing a reduction in circumference to a circumference 
smaller than the second circumference. 

99. A method according to claim 98 wherein the bonded first and 
second tubes are heat treated prior t<\ their removal from the 

35 second mandrel . 
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A method according to claim 99 wherein the bonded first and 
second tubes, following their removal from the second mandrel, 
are coaxial ly fitted over the first mandrel and tensioned 
longitudinally to cause them to conform to the outside diameter 
of the first mandrel, and subsequently heat treated and removed 
from the f irst\mandrel . 

A method according to claim 100 wherein said tube comprises a 
vascular graft. 

A method according to claim 101 wherein the vascular graft 
comprise an intraluminal graft. 

A method according\to claim 98 wherein said tube comprises a 
vascular graft. 

A method according to claim 10,3 wherein the vascular graft 
comprises an intraluminal graft. 

A method of repairing an arteriovenous vascular graft having a 
lumen, comprising inserting an intraluminal graft into the lumen 
of the arteriovenous vascular graft and causing the intraluminal 
graft to conform to th^ lumen of the arteriovenous vascular 
graft. 

A method according to claim 105 wherein the intraluminal graft is 
comprised of porous polyfce^rafl uoYoethylene. 

A method according to cl/aim 106 whWein the intraluminal graft is 
caused to conform to frne \umen of /the arteriovenous vascular 
graft by blood pressure . 

A method according Ao claim 106 v/herein the intraluminal graft is 
caused to conform /to the lufnen /f^ibe arteriovenous vascular 
graft by inflating a bal 1 ooii cirtheter 
A method according to claim r06 whej/ein the intraluminal graft is 
secured to the arteriovenous \vascu/ar graft by at least one 
suture. 

A method according to claim 106/wherein the intraluminal graft is 
secured to the arteriovenous g^aft by the use of a stent. 
A method according to claim l'Oa wherein the intraluminal graft 
extends beyond the arteriovenous vascular graft into a vein. 



A method according to claim 105 
caused to conform to the lumen o 
graft by blood pressure. 



herein the intraluminal graft is 
r the arteriovenous vascular 



-35- 



113. A method according to claim 105 wherein the intraluminal graft is 
caused \o conform to the lumen of the arteriovenous vascular 
graft byyiflating a balloon catheter. 

114. A method according to claim 105 wherein the intraluminal graft is 
5 secured to \he arteriovenous vascular graft by at least one 

suture. 

115. A method accoYding to claim 105 wherein the intraluminal graft is 
secured to they arteriovenous graft by the use of a stent. 

116. A method according to claim 105 wherein the intraluminal graft 
10 extends beyond the arteriovenous vascular graft into a vein. 

117. A method of lining a blood conduit with an article having a 
longitudinal axis\ said method comprising: 

a) providing a f\irst porous PTFE material made into the form of 
a first tube hWirichNiin inside diameter and an exterior 

15 surface, the f\/st material comprising PTFE having fibrils 

oriented in a/f\rst direction; 

b) providing a/second porous PTFE material made into the form 
of a second tube Vi/tted coaxially over the first tube, the 
second material h^^rtfan inside diameter larger than the 

20 outside raiameter^oF the firsi tube, said second tube 

including PTFE having oriented in a second direction; 

c) bonding we first arcd second materials together to form the 
article, the arti cl e\be4ng capable of distending upon 
introduction of anjjirernal pressure in the article; 

25 d) placing the covering in a blood conduit; and 

e) applying pressure to thV article to distend it to an 
enlarged diameter, lininb the blood conduit. 



